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Injuries caused by aquatic animals in Brazil in most cases are provoked by marine and freshwater catﬁsh.
Pimelodus maculatus is a freshwater catﬁsh very common in Brazilian basins that causes frequent acci-
dents mainly amongst ﬁshermen, and whose venom characteristics and pathological mechanisms of the
venom are poorly known. In the present study for the ﬁrst time, we have characterized the main
pathophysiological mechanisms associated with the clinical manifestation (pain, local inﬂammation and
edema) of the envenomations caused by P. maculatus crude venom. It was estimated that the crude
venom of one P. maculatus stinger contains approximately 100 mg of protein, likely the quantity involved
in the envenomation. P. maculatus crude venom induced marked nociceptive and edematogenic effects
and caused vascular permeability alterations at doses from 30 to 100 mg/animal. Additionally, P. mac-
ulatus crude venom caused a decrease in the contraction force in in situ frog heart, did not cause
hemorrhage or alterations in clotting times (prothrombin time and activated partial thromboplastin
time), but induced signiﬁcant changes in the levels of CK and its isoenzyme CK-MB in mice. In the present
work, we present a correlation between the effects obtained experimentally and the main symptoms
observed in the human accidents provoked by P. maculatus.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
Envenomations caused by aquatic animals are very common,
inducing painful processes such as necrosis, mutilation, loss of
movement and even mortality (Haddad, 2004). The signs and
symptoms of the injuries caused by marine ﬁsh are widely known
(Kizer et al., 1985; Haddad, 2008). However, there are few studies
that characterize the injuries involving freshwater ﬁsh (Haddad,
2008). Accidents caused by marine catﬁshes (Ariidae) are the
most common in Brazil (Haddad, 2008). In freshwater environ-
ments, the most common envenomations also are caused by cat-
ﬁsh, being Pseudoplatystoma corruscans, Pimelodus maculatus and
Pimelodella spp the main genera involved in accidents (Haddad,2003; Haddad and Lastoria, 2005; Haddad, 2008).
In Brazil, 70% of reported accidents with marine ﬁsh animals are
related to the catﬁsh, and considering only accidents occurring in
freshwater environments, this ratio can reach 90% of reported cases
(Garrone Neto et al., 2005; Haddad and Martins, 2006; Haddad,
2008). The catﬁsh has a great importance in Brazilian continental
regions due to the presence of riparian population who eat and
commercialize ﬁsh. Moreover, sport ﬁshing has great relevance in
many regions of Brazil (Silva et al., 2010). A wide variety of
venomous species of marine and freshwater catﬁsh is found in
ﬁshing nets very often, increasing the risk of accidents (Haddad,
2003; Haddad, 2008).
P. maculatus (Lacepede, 1803) belongs to Actinopterygii class,
Siluriformes order, Pimelodidae family, and it is popularly known as
yellow catﬁsh ormandi (Haddad et al., 2012). This catﬁsh is present
in Neotropical areas with widely distribution in the basins of South
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insect larvae, algae, mollusks ﬁsh and vegetables fragments
(Bennemann et al., 2000). The venom apparatus of freshwater
catﬁsh consists of bone stings located in the dorsal and pectoral
ﬁns. These bony stings are slightly curved and tapered in the
anterior and posterior portions with a serrated margin (Wright,
2009), and surrounded by a thin layer of skin called cutaneous
sheath (Halstead, 1951). The glandular cells responsible for pro-
ducing the venom are among the epidermis and dermis layers, and
are concentrated in the anterior and posterior margins of the sting
(Halstead, 1951).
To date, studies with the ﬁsh P. maculatus have only assessed the
ecological and reproductive aspects of this specie in the Brazilian
states of Goias, Minas Gerais and in the city of Rio de Janeiro
(Albuquerque et al., 2008; Arantes et al., 2013; Sabinson et al.,
2014), and genetic characterization of the species in Uruguay
(Ribolli et al., 2012).
This species is responsible for nearly 80% of accidents in pro-
fessional ﬁshermen and river dwellers, in which the majority of the
wounds (90%) occur in the hands of the victims, mostly due to the
incorrect manipulation of the animal (Haddad and Lastoria, 2005).
When the stinger penetrates the victim, the glandular tissue is
ripped and releases toxins that can cause intense pain and
inﬂammation (Haddad, 2000; Haddad, 2003). Another aspect of the
injury is the edema and erythema that last for 6e8 h (Haddad and
Lastoria, 2005), and subsequent presence of secondary infection
induced mainly by Staphylococci, streptococci, and other bacteria
such as Vibrio vulniﬁcus and Aeromonas hydrophila, which are
responsible for the most serious infections (Haddad, 2000; Cardoso
et al., 2003).
The ﬁshermen often treat the wounds caused by the yellow
catﬁsh with popular medication, such as gasoline and kerosene,
aggravating the symptoms (Haddad, 2000; Garrone Neto et al.,
2005). Clinically, immersion of affected member in hot water
(approx. 50 C) for 30e90 min is recommended (Haddad, 2000;
Haddad et al., 2004). The use of hot water compresses can also
momentarily relieve the pain, which may be caused due to a
vasoconstrictor effect of the venom (Haddad, 2000; Haddad, 2003;
Haddad and Lastoria, 2005; Haddad, 2008).
The Brazilian river network is the largest in the world, but the
number of venomous freshwater animals is not great. However, the
yellow catﬁsh is very common in the basins around the country.
Only a few studies have investigated the pharmacological charac-
terization of the venom of freshwater ﬁsh (Church and Hodgson,
2002). To date, no research has been conducted with P. maculatus
species, considered responsible for the largest number of accidents
in ﬁshermen that involve venomous and traumatic ﬁsh, in the
rivers of Brazil. Thus, the aim of this work was reproduce in mice
the envenoming that occur in humans, and characterize the path-
ophysiology involved in the symptomatology of the accidents
generated by the ﬁsh P. maculatus.2. Materials and methods
2.1. Fish collection
P. maculatus (Lacepede, 1803) (Pimelodidae, Siluriformes) is
popularly known as yellow catﬁsh or mandi (Haddad et al., 2012),
and is distributed around the country, being present in the rivers of
Mato Grosso do Sul and Goias (Brazil). The specimens used in the
present work were collected in the upper reaches of the Parana
River in the town of Tre^s Lagoas-Mato Grosso do Sul State, under
the “Instituto Chico Mendes de Conservaç~ao da Biodiversidade”
(ICMBio) license number 34975-2.2.2. Venom extraction and quantiﬁcation of proteins
The stingers were extracted manually from animals caught for
commercial purposes after disposal by the ﬁshermen. The thorns
were scraped and the material obtained was macerated with liquid
nitrogen and diluted in ultrapure water. After this step, the scraped
material was centrifuged at 14.000 g for 15 min. The supernatant
was lyophilized and stored at 20 C until use. Determination of
total protein concentration of P. maculatus crude venom was con-
ducted based on the method of Lowry (Lowry et al., 1951), using
Bovine serum albumin (BSA) as standard (1 mg/mL), as follows:
Five dorsal stingers with similar size (approximately 6 cm) were
scraped, and the material obtained was macerated with liquid ni-
trogen and diluted in ultrapure water. The concentration of the
crude venom has been expressed in terms of protein. A total of
500 mg of protein were obtained based on the method of Lowry.
Therefore, it was estimated that one stinger of P. maculatus has
approximately 100 mg of protein, that correspond to 62.5% of the
total dry weight.
2.3. Animals
Male and female Wistar rats (Rattus norvegicus), weighting from
250 to 300 g, andmale and female Swiss mice (Mus musculus), from
25 to 32 g, were supplied by the vivarium facility of the Biological
Sciences Institute, University of Brasilia. American bullfrog (Lith-
obates catesbeianus) specimens were bought from the frog farm
“Rander” (Brazil); where theywere kept in cages, maintained under
appropriate conditions and received food and water ad libitum.
This study was approved by the Committee for Ethics in Animal
Use of the Institute of Biological Sciences, University of Brasília,
under license number [63468/2014]. The procedures were per-
formed according to the standards of the Brazilian College of Ani-
mal Experimentation; every effort was made to avoid unnecessary
stress and pain to the experimental animals. The number of animals
was kept to the minimum necessary to test the concept.
2.4. Evaluation of nociceptive behavior
The nociceptive behavior was evaluated by the subplantar in-
jection in mice (n ¼ 5 animal/4 groups). The assay was performed
similarly to the formalin test (Hunskaar and Hole, 1987), in which
two phases can be observed; Phase I (0e10 min) is referred as the
acute phase and the Phase II (10e50 min) is associated with local
release of endogenous mediator involved in the inﬂammatory
response (Le Bars et al., 2001). 10, 45 and 85 mg/animal of
P. maculatus crude venom diluted in 50 mL of Saline were injected
via subplantar on the left hind-paw. As a positive control, the mice
received 50 mL of 4% Formalin (CH2O). The negative control animals
received 50 mL of saline solution through the same route of
administration. After injections, each mouse was placed in a
transparent glass cage, where the characteristic pain behaviors
such as licking or shaking the injected paw were observed. The
amount of time the animal performs these behaviors was deter-
mined between 0 and 10 min (ﬁrst phase) and 10 and 30 min
(second phase). After assays, mice were immediately euthanized
with sodium thiopental (80 mg/kg). These results were submitted
to analysis of variance (ANOVA) followed by the Tukey test, using
Graph Pad Prism software version 5.0. Differences were considered
signiﬁcant at values of p < 0.05.
2.5. Edematogenic activity on mice
Edematogenic activity of P. maculatus crude venom was evalu-
ated according to Mortari and co-workers (Mortari et al., 2012)
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with plethysmograph (Hugo Basile 7140 plethysometer, Comerio,
VA, Italy). 30, 70 and 100 mg/animal of P. maculatus crude venom
diluted in 50 mL of Saline (150 mM NaCl) were injected via sub-
plantar on the left hind-paw of anesthetized mice (sodium thio-
pental C11H17 N2 NaO2S, 60 mg/kg) (n ¼ 5 animal/4 groups). The
mice paw edema was evaluated every 15 min in the ﬁrst hour and
every 30 min in the second hour. 50 mL of Saline were applied
similarly in the right hind paw as a control group. Results were
calculated as the difference between the percentage values of in-
crease in paw edema as the following equation:
¼ ðVf  ViÞ=Vi 100; where Vf ¼ paw volume after the injection of
the venom in a given time; Vi ¼ Initial paw volume and
E¼ percentage increase in the diameter of the paw. Datawas tested
by two-way ANOVA followed by the Bonferroni posttest (p < 0.05
and p < 0.001).
2.6. Vascular permeability on rats
Changes in vascular permeability induced by P. maculatus crude
venom was performed by the Evans Blue assay according to Jun-
queira and co-workers (Junqueira et al., 2007) with modiﬁcations.
Rats were injected intravenously via tail vein with 20 mg/kg of
Evans Blue reagent (C34H24N6Na4O14S4) dissolved in 200 mL of sa-
line, after anesthesia of the animals with sodium thiopental
(60 mg/kg) (n ¼ 5 animal/3 groups). 30 and 70 mg/animal of
P. maculatus crude venom dissolved in 200 mL of saline were
administered intraperitoneally (IP) on rats, after 20 min of the in-
jection of Evans Blue reagent.
After 2 h of the administration of P.maculatus crude venom, the
animals were euthanized with sodium thiopental (80 mg/kg) and
the peritoneal cavity was rinsed with 2 mL of cold phosphate buffer
saline (PBS) (sodium chloride (NaCl 137 mM), potassium chloride
(KCl 2.68 mM), disodium phosphate (Na2HPO4 10 Mm), calcium
sulfate hydrogenated (KH2PO4 1.7 Mm), pH 7.2). The cells were
centrifuged at 5000 g for 5 min and the supernatant was collected
for absorbance reading at 620 nm (UV Spectrophotometer Shi-
madzu, Kyoto, Japan). These results were expressed in mg of Evans
Blue/mL submitted to analysis of variance (ANOVA) followed by the
Tukey test. Differences were considered signiﬁcant at values of
p < 0.05.
2.7. Hemorrhagic activity
Hemorrhagic activity of P. maculatus crude venom was evalu-
ated according to Mortari and co-workers (Mortari et al., 2012)
with fewmodiﬁcations. 100 mg/animal of P. maculatus crude venom
diluted in 50 mL of saline were administrated via intradermal in-
jection on the left-back of anesthetized mice (Sodium thiopental,
60 mg/kg) (n¼ 5 animals). 50 mL of saline was injected on the right-
back of mice as a control. After two hours of observation, the ani-
mals were euthanized with sodium thiopental (80 mg/kg) and the
skinwas removed to observe if a hemorrhagic halowas formed. The
hemorrhagic activity is deﬁned by the ability to form a halo of
10 mm diameter (Nikai et al., 1984).
2.8. Determination of prothrombin time (PT) and activated partial
thromboplastin time (aPTT)
After anesthetizing the animals (n ¼ 5 mice/2 groups) with so-
dium thiopental (60 mg/kg), 4 mL of blood were collected by car-
diac puncture from the mice used in the nociceptive and
edematogenic assays. Changes in PT and aPTT were performed
using WAMA diagnostic kits (WAMA Diagnostica, S~ao Carlos, SP-
Brazil).2.9. Cardiotoxic activity on in situ frog heart
The bullfrog (L. catesbeianus) was anesthetized with 2% lido-
caine chloride (C14H22N2O$HCl$H2O) (1 mL) injected through the
foramen magnum. The posterior vena cava of the animal was can-
nulated with a polyethylene tube containing Ringer solution (in
mM: NaCl 111, KCl 1.9, CaCl2 1.1, 2.4 NaHCO3, 10 Glucose, pH 7.2) to
amphibians. The right vagus nerve was exposed at the level of the
jugular vein and connected to a pair of electrodes for stimulation of
6 V at 10 Hz and 0.5 ms duration (S48 stimulator e Grass Instru-
ment Divion, Warwick, RI, USA). The abdominal cavity was opened,
the dorsal vena cava was cannulated, and the apex of the heart
ventricle was connected by a metal hook to a F-60 myograph
(NarcoBio Systems, Austin, TX, USA). The mechanical and electrical
responses of the heart were performed according to Schwartz and
co-workers (Schwartz et al., 1999). The doses of 100 and 200 mg/
animal of P. maculatus crude venom, 3.4  104 M of acetylcholine
(C7H16NO2) and 1.7  103 M of atropine (C17H23NO3) were evalu-
ated. The compounds were administered in the posterior vena cava
in a volume of 200 mL Ringer solution.
2.10. Serum creatine kinase (CK) and its isoenzyme CK-MB
Mice (n ¼ 5 animal/4 groups) anesthetized with sodium thio-
pental (60 mg/kg) received 30, 70 and 100 mg subplantar injection
of P. maculatus crude venom diluted in 50 mL of saline solution, or
50 mL of saline solution as a negative control. Two hours after
treatment, the blood was collected by cardiac puncture and the
changes in CK and its isoenzyme CK-MB were performed according
to the method described by Oliveira and co-workers (Oliveira et al.,
2013). The supernatant was separated and used for serum CK and
CK-MB activities measurement, according to Labtest® CK-NAC Liq-
uiform Ref 117 and CK-MB Liquiform Ref 118 kits (Labtest, Minas
Gerais, Brazil), respectively. These results were submitted to anal-
ysis of variance (ANOVA) followed by the Tukey test. Differences
were considered signiﬁcant at values of p < 0.05.
3. Results
3.1. Evaluation of nociceptive behavior
P. maculatus crude venom was evaluated in both phases of the
nociception assay (acute and inﬂammatory) at the doses of 10, 45
and 85 mg/mice hind-paw. In the acute phase of the assay, therewas
no signiﬁcant difference between the doses of 10 mg/mice hind-paw
and 45 mg/mice hind-paw, and the negative control (saline). The
dose of 85 mg/mice hind-paw induced pain at lower levels than the
positive control with 4% formalin. In the inﬂammatory phase, only
the dose of 85 mg/mice hind-paw induced pain, while the doses of
10 and 45 mg/mice hind-paw did not. Furthermore, the P. maculatus
crude venom at a dose of 85 mg/mice hind-paw was able to induce
pain equivalent to the administration of 4% formalin in the in-
ﬂammatory phase of the assay (2nd phase) (Fig. 1).
3.2. Edematogenic activity
Subplantar injection of P. maculatus crude venom caused mice
hind-paw edema compared to that observed in the saline injected
contralateral paw (Fig. 2). The P. maculatus crude venom caused
edema in the ﬁrst 15 min, and the maximum response was
observed at dose of 100 mg/paw, which induced an edema that
lasted the whole experimentation (120 min). The edema was dose-
dependent; signiﬁcant differences in the effect of the administra-
tion of 100 mg/paw (p < 0.001) were observed when compared to
the other doses. At 30 and 70 mg/paw doses, P. maculatus crude
Fig. 1. Evaluation of nociceptive behavior in mice after subplantar injection of P. maculatus crude venom. Negative control group 50 mL of saline. Positive control group 50 mL
of formalin (4%) in saline. Experimental groups administrated with P. maculatus crude venom dissolved in 50 mL of saline: 10 mg/animal, 45 mg/animal, 85 mg/animal. The
points represent mean ± SEM (n ¼ 5/group). Nociceptive behavior in the ﬁrst phase (0e10 min after injection) and the second phase (10e30 min after injection) was scored as the
amount of time spent licking or shaking the injected hind paw. The results were submitted to analysis of variance one-way (ANOVA) followed by the Tukey post-test. Signiﬁcant
differences compared to saline *p < 0.05; **p < 0.01. Signiﬁcant differences compared to dose 10 mg/animal $p < 0.05. Signiﬁcant differences compared to dose 45 mg/
animal þ p < 0.005.
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expressive reduction of the edema after 60 min, but not signiﬁcant
differences were observed.3.3. Vascular permeability in rats
The P. maculatus crude venom at the doses of 30 and 70 mg/rat
increased signiﬁcantly the vascular permeability in rats in a dose-
dependent manner, when compared to the control group
(p < 0.05; p < 0.001), respectively, two hours after the intradermal
injection (Fig. 3).3.4. Hemorrhagic activity and clotting time
The P. maculatus crude venom did not induce hemorrhagic ac-
tivity even at the 100 mg/mouse dose. After two hours no hemor-
rhagic halo was observed in the skin of the back of the animals. The
same dose did not cause changes in clotting time measured by
prothrombin time (PT) and activated partial thromboplastin time
(aPTT) methods (data not shown).Fig. 2. Edematogenic activity in mice after subplantar injection of P. maculatus crude veno
P. maculatus crude venom dissolved in 50 mL of saline: 30 mg/animal, 70 mg/animal of,
relation to baseline data obtained before injection. The points represent mean ± SEM (n ¼ 5
by the Bonferroni post-test. Signiﬁcant differences compared to saline *p < 0.05; ***p < 0.
ferences compared to dose 100 mg/animal þ p < 0.005.3.5. Cardiotoxic activity
Electrocardiographic alterations (heart rate and contraction
force) in the in situ frog heart assay were evaluated after adminis-
tration of P. maculatus crude venom (100 mg and 200 mg); acetyl-
choline at the concentration of 3.4  104 M and atropine at a
concentration of 1.7  103 M. The latter two compounds were
tested as controls to check the proper functioning of the heart.
100 mg of P. maculatus crude venom did not generate any cardiac
disorders. The reduction on the contraction force (negative
inotropic effect) induced by 200 mg of the crude venom was
reversible after 40 s, and was equivalent to approximately half of
the response induced by acetylcholine at the concentration of
3.4  104 M. The crude venom decreased the contraction force in
44.62%, while acetylcholine caused a reduction of 96.92% (negative
inotropic effect) plus a negative chronotropic effect, both treat-
ments presenting the same time to recover the normal activity of
the heart (40 s). Atropine at a concentration of 1.7  103 M
increased heart rate from 32 bpm to 42 bpm. Finally, P. maculatus
crude venom did not cause changes in heart rate; therefore we
concluded that this venom induced cardiovascular alteration
(Fig. 4).m. Negative control group: 50 mL of saline. Experimental groups administrated with
100 mg/animal. Results are expressed as percentages of mice paw volume increase in
/group). The results were submitted to analysis of variance two-way (ANOVA) followed
001. Signiﬁcant differences compared to dose 70 mg/animal #p < 0.05. Signiﬁcant dif-
Fig. 3. Alterations of vascular permeability in rat induced by P. maculatus crude venom (IP). Negative control group 200 mL of saline. Experimental groups administrated with
P. maculatus crude venom dissolved in 200 mL of saline: 30 mg/animal, 70 mg/animal. The points represent mean ± SEM (n ¼ 5/group). The results were expressed in mg of Evans
Blue/mL and submitted to analysis of variance one-way (ANOVA) followed by the Tukey post-test. Signiﬁcant differences compared to saline ***p < 0.001; *p < 0.05. Signiﬁcant
differences compared to dose 30 mg #p < 0.001.
Fig. 4. Effect of P. maculatus venom on the isolated frog heart in situ. Acetylcholine at
3.4  104 M, atropine at 1.7  103 M and 200 mg of P. maculatus crude venom were
administrated after washing with Ringer solution. The compounds were administered
in the posterior vena cava in a volume of 200 mL. The vagus nerve was stimulated by
electrical pulses of 6 V, at a frequency of 10 Hz and 0.5 ms duration. Force of
contraction and electrocardiogram (EKG) were recorded on paper by means of a
polygraph at a speed of 2.5 mm/s.
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The P. maculatus crude venom induced an increase in serum
concentration of CK compared to saline in a dose-dependent
manner (p < 0.01) (Fig. 5). The same effect was observed in rela-
tion to the CK-MB levels, except the dose of 30 mg/animal that
showed no signiﬁcant differences compared to saline (Fig. 6). The
signiﬁcance indicates the presence of muscle lesions in the mice
after the administration of the P. maculatus crude venom. The CK/
CK-MB ratio control group when compared with CK/CK-MB ratio
of different doses of P. maculatus crude venom conﬁrms the effects
observed here (Table 1).4. Discussion
We found in the present study that a stinger of P. maculatus
contains approximately 100 mg of crude venom. Furthermore, the
crude venomwas able to simulate edema caused by a stinger even
though with the absence of the mechanical injure. The edema
persisted for the whole experiment (120 min) (Fig. 2), demon-
strating that the crude venom is able to induce edema observed in
the envenomation by itself. In the envenoming caused by catﬁsh in
humans, the symptoms are described as intense pain and edema at
the site of wound, with no reports of deaths (Haddad and Lastoria,
2005; Haddad and Martins, 2006; Wright, 2009). According to
Haddad and colleagues (Haddad et al., 2012) the same symptoms
were observed in 39 ﬁshermen who suffered accidents by ﬁsh,
being P. maculatus the ﬁsh with highest occurrence. Still According
to that study, the accidents showing edema corresponded to 17.9%
of the cases.
In injuries caused by mandis, the most common symptoms are
severe and instant pain, erythema and edema which persist for
about six to eight hours (Haddad and Lastoria, 2005;Wright, 2009),
characteristic of the acute phase of the accident (Haddad and
Martins, 2006). The edema observed in our assay persisted for
120 min decreasing over time at dose de 100 mg/animal of
P. maculatus crude venom. Our results demonstrate that the dose of
85 mg/animal of P. maculatus crude venom has a strong nociceptive
action during the inﬂammatory phase (2nd phase) (Fig. 1), which
may be related to the persistence of pain for more than 6 h in en-
venomation. This intense pain may be due to the presence of action
of the toxins, and not induced by the mechanical action of the
stinger.
The catﬁsh Pseudoplatystoma fasciatum crude venom at dose de
30 mg of protein caused to strong nociceptive and edema effect in
mice (Lopes-Ferreira et al., 2014). The pain and the edema caused
by P. maculatus crude venom, when compared with the effects
caused by P. fasciatum crude venom are smaller, but not less
important.
Vascular permeability is a major marker for assessing the state
of blood vessels, and its increase may be related to intrinsic and
extrinsic factors such as stress, growth factors, vascular endothelial,
ﬁbroblast growth factors and inﬂammatory mediators (serotonin,
histamine and bradykinin) (Dvorak, 2005). Under normal physio-
logical conditions, the endothelium is permeable to water and ions,
but impermeable to proteins, and therefore in the absence of in-
ﬂammatory stimuli, albumin is present only in the blood stream
rather than in the extracellular ﬂuid (Radu and Chernoff, 2013).
Fig. 5. Serum creatine kinase (CK) levels of mice after subplantar injection of P. maculatus crude venom. Negative control group 50 mL of saline. Experimental groups
administrated with P. maculatus crude venom dissolved in 50 mL of saline: 30 mg/animal, 70 mg/animal, 100 mg/animal. The points represent mean ± SEM (n ¼ 5/group). The
results were submitted to analysis of variance one-way (ANOVA) followed by the Tukey post-test. Signiﬁcant differences compared to saline **p < 0.01; *p < 0.05 and compared to
the dose of 100 mg/animal #p < 0.05.
Fig. 6. Isoenzyme CK-MB levels of mice after subplantar injection of P. maculatus crude venom. Negative control group 50 mL of saline. Experimental groups administrated with
P. maculatus crude venom dissolved in 50 mL of saline: 30 mg/animal, 70 mg/animal, 100 mg/animal. The points represent mean ± SEM (n ¼ 5/group). The results were
submitted to analysis of variance one-way (ANOVA) followed by the Tukey post-test. Signiﬁcant differences compared to saline ***p < 0.001; **p < 0.01; *p < 0.05, compared to the
dose of 100 mg/animal #p < 0.05 and compared to the dose of 70 mg/animal þ p < 0.05.
Table 1
CK/CK-MB ratio of P. maculatus crude venom.
Group Ratio
CK/CK-MB (U/L)
Control (n ¼ 5) 5.301
100 mg (n ¼ 5) 10.226
70 mg (n ¼ 4) 9.520
30 mg (n ¼ 5) 9.365
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in this assay one can determine the amount of protein loss from the
blood stream into the interstitial tissue (Radu and Chernoff, 2013).
Considering that the increment of the vascular permeability is
characteristic of inﬂammatory reactions (Junqueira et al., 2007), we
tested the effect of P. maculatus crude venom on vascular perme-
ability to better characterize the inﬂammation proﬁle that the
venom can generate in the accident.
The doses of 30 mg and 70 mg/rat of P. maculatus crude venominduced a signiﬁcant increase in vascular permeability of the
peritoneal cavity of rat. The effect was stronger at the dose of 70 mg/
rat, after two hours of injection. Changes in vascular permeability
have been observed with different ﬁsh venoms in Brazil. For
example, the venom of the toadﬁsh (Thalassophryne nattereri) in-
creases the vascular permeability and neutrophilia after 24 h of
injection, and induces the inﬂux of leukocytes from the vascular
system into the peritoneal space, which is regarded as a pro-
inﬂammatory manifestation (Lima et al., 2003). Similarly, the
venom of stingrays Potamotrygon cf. scobina and Potamotrygon gr.
orbygnyi are able to increase vascular permeability in rats (Lima
et al., 2003; Dias-Lopes et al., 2010).
There are studies have shown that both the crude venom and
the skin poisonous mucus of the catﬁsh Cathorops spixii, increased
signiﬁcantly vascular permeability at all doses tested in a dose-
dependent manner, with the greatest effect caused by 100 mg of
the skin poisonous mucus (Junqueira et al., 2007).
Mostly edematogenic and nociceptive activities are related to
changes in vascular permeability, the latter being an indicator of
B.E. Sarmiento et al. / Toxicon 101 (2015) 55e62 61inﬂammatory process (Brain et al., 1985). Therefore, the
P. maculatus crude venom characterized by inducing swelling and
pain may also develop an inﬂammatory process at the dose of
70 mg/animal (Fig. 3).
Electrocardiographic changes induced by P. maculatus crude
venom on in situ frog heart were evaluated. The administration of
100 mg of P. maculatus crude venom (approximate amount that a
stinger has) did not induce signiﬁcant changes in the contraction
force neither in the heart rate. With twice this dose, P. maculatus
crude venom caused only a slight decrease in the contraction force,
without alterations in the heart rate (Fig. 4). Cardiovascular re-
sponses induced by most of the poisonous ﬁsh in cardiac prepa-
rations involve the activity of muscarinic receptors, and sometimes
through cholinomimetic contents in the venom, which indirectly
modulate the endogenous pathway of acetylcholine. The positive
effects appear to be related to the activity of adrenoceptors, how-
ever, sometimes, non-adrenergic responses can be observed, be-
sides contraction of smooth muscle and vasodilation (Church and
Hodgson, 2002).
Studies with species of venomous ﬁsh demonstrate variable
effects they have on the heart. For example, the catﬁsh Hetero-
pneustes fossilis crude venom induces an inotropic increase both in
the hearts of frogs and in guinea pigs (Datta et al., 1982). The
fraction of the lethal toxin named “PC” of the catﬁsh Plotosus canius
caused contractile responses in guinea-pig heart, an action that is
not affected by blockade of adrenergic or muscarinic receptors
(Auddy et al., 1994).
The venom of the scorpion ﬁsh (Scorpaena guttata) produces a
biphasic response in isolated rat hearts, an initial decrease followed
by a sustained increase in contraction force, indicating that the
venom acts on muscarinic receptors and adrenoceptors (Schaeffer
et al., 1971). Similarly, the venom of the soldier-ﬁsh (Gymnapistes
marmoratus) induces the same effect, where the negative phase is
attributed to the activity at muscarinic receptors, and the positive
phase to adrenoreceptor activity (Hopkins and Hodgson, 1998).
Besides this variety of effects to be modulated by the composition
of the venom of the species, Church and Hodgson (2002) deter-
mined that the differences observed may also be dependent on the
biological model and the experimental concentrations used.
Studies with ﬁsh venoms on rabbit showed only one phase of
cardiovascular changes, whereas studies with other animals, the
effects were always biphasic. For example the poison ﬁsh-stone
(Synanceia trachynis) venom can change from a vasodilator effect
to a vasoconstrictor depending on, the concentration administrated
(Church and Hodgson, 2002).
Otherwise at the stone and scorpion ﬁsh, the effects of the
toxins of catﬁsh are local; the cardiovascular disorders are not a
characteristic of envenomation by this class of ﬁsh (Ferreira and
Madeira, 2011). Our tests on in situ frog heart conﬁrmed that
P. maculatus crude venom has only a slight effect on the contraction
force when tested at higher dose than that involved in
envenomation.
Quantiﬁcation of CK and its isoenzyme CK-MB in human serum
is an important tool to conﬁrm diagnosis of acute myocardial
infarction (AMI) and other cardiac lesions. It is well established that
the presence of these enzymes conﬁrms the occurrence of
myocardial necrosis and, consequently, a possible AMI, when the
patient arrives to the emergency room complaining of chest pain
(Ferreira and Madeira, 2011). The CK is widely distributed in
muscular tissue and the brain, and this is a less speciﬁc marker of
heart damage, whereas the CK-MB isoenzyme is found mainly in
the myocardium (Wu, 1989).
As to the cardiotoxic activity in mice, it was observed that
P. maculatus crude venom in doses of 70 mg and 100 mg/animal was
able to increase serum concentrations of both CK and CK-MB(Figs. 5 and 6), indicating a possible cardiac injury besides a mus-
cle injury. However, this is not a clinical sign of classic envenom-
ation in human, since the activity of the venom is restricted to the
wounded area, with intense pain, redness and inﬂammation
(Haddad et al., 2012). The high CK levels observed in the present
study could be consequence of a serious and extensive muscle
injury at the puncture site.
In conclusion, it is estimated that a stinger of the catﬁsh
P. maculatus contains 100 mg of crude venom, and possibly this is
the amount involved in the envenomation, capable of inducing
edema, pain, and increase the vascular permeability, indicating the
presence of inﬂammation. Themuscular lesions ﬁrst described here
can be associated with occasional deep necrosis and intense in-
ﬂammatory processes, especially in great traumas caused by log
stingers, which can wound the musculature. Therefore, the effects
observed here could be due to both the active components of the
crude venom, and the cells and the inﬂammatory mediators who
could modulate the inﬂammatory response in the presence of the
crude venom in the body.
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